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Description 

[0001] The invention relates to a computer with a cool- 
ing system according to the preamble of claim 1. 
[0002] A conventional electronic apparatus has a con- 
struction in which one or a few fans are provided to cool 
a number of heat generating sources such as package, 
disk, power source, and the like which exist in a casing. 
A cooling air is blown by the fans and enters the casing 
through holes and flows in the casing along the pack- 
age, disk, and power source and flows to the outside of 
the casing by the fans. In such a construction, an inflow 
temperature of the cooling air is equal to a room tem- 
perature. There is a case where, for instance, a temper- 
ature of the main portion of the package rises to about 
50 to 1 00° C even when it is sufficiently cooled. As a 
method of improving the cooling of the package as men- 
tioned above, there is an example in which channels are 
formed by surrounding the package by partition plates 
and fans are arranged before and after the channel as 
disclosed in JP-B-60-11830 ( J P-A-53- 145054). The 
publication also shows an example of coupling via heat 
pipe a cooling air inlet side with a heat source of very 
large heat capacity among various heat sources. 
[0003] In "IEEE Transaction on Electron Devices 0 , 
Vol. 36, No. 8 (1989), page 1404, a cooling system in 
which a board on which CMOS devices are mounted is 
dipped in liquid nitrogen is disclosed. As disclosed in JP- 
A-1 -270296, there is a cooling system in which an inflow 
air is previously cooled by a refrigerating cycle. 
[0004] Among the above conventional techniques, in 
the case of the cooling system by the fans disclosed in 
JP-B-60-1 1 830, to increase the cooling capacity in order 
to further reduce the temperature of semiconductor de- 
vice, a flow rate of the air must be increased by increas- 
ing the number of fans, by increasing the size of fans, 
or the like. In such a case, there is a problem of an in- 
crease in fan noises. On the other hand, there is also a 
problem such that when the size of radiating fans is en- 
larged in order to enhance the cooling capability, a high 
installing density is not obtained. Further, the tempera- 
ture of semiconductor device cannot be held to a tem- 
perature lower than the external air temperature and 
nothing is considered with respect to the realization of 
a high operating speed of the device due to the realiza- 
tion of a low temperature. 

[0005] On the other hand, according to the example 
in which the board on which the semiconductor device 
is mounted is dipped into liquid nitrogen, there are prob- 
lems such that the size of refrigerator is large and an- 
other casing different from the casing to enclose the 
semiconductor device is needed, so that a large occu- 
pied area is necessary. According to the system dis- 
closed in J P- A- 1-270296, since all of the devices are 
uniformly cooled, nothing is considered with respect to 
the realization of a high operating speed of a special 
device and the dehumidification. 
[0006] US-A-4 546 61 9 discloses a cooler for cooling 



electronic equipment comprising a heat sink for attach- 
ing a plurality of electrical elements, a refrigeration sys- 
tem and pads for thermally connecting the refrigeration 
system with predetermined electrical elements. The 
s pads are made of good thermal conductors such as alu- 
minum or copper and are clamped to the heat sink by 
bolts, extending through the heat producing elements 
and the heat sink. 

[0007] The object of the invention is to provide an 
10 electronic computer of a high operating speed having a 
cooling system of a high reliability. 
[0008] This object is solved by a computer with a cool- 
ing system according to claim 1 . 
[0009] According to one aspect of the invention, a 
15 flexible cooling member having a high heat conductivity 
is arranged between a special semiconductor device by 
which the whole operating speed of the computer is re- 
stricted and an evaporator of a refrigerator or a first cool- 
ing member which is thermally in contact with the evap- 
orator, and such a semiconductor device is locally 
cooled by a cooling source which is generated from the 
refrigerator. 

[001 0] A channel to lead the air cooled by the evapo- 
rator of the refrigerator is provided and the cooled air is 
blown out from holes formed in the channel and is al- 
lowed to collide with such a special semiconductor de- 
vice, thereby cooling the device. 
[001 1] A special semiconductor device and a cooling 
member having therein a group of liquid channels are 
thermally connected by a flexible member having a high 
heat conductivity. A liquid is circulated between the 
group of channels in the cooling member and a heat ra- 
diator provided on the outer wall of the casing by liquid 
pumps, thereby radiating the heat generated from the 
semiconductor device into the air on the outside of the 
casing. 

[0012] According to another aspect of the invention, 
a cooling member to thermally connect a special semi- 
conductor device and an evaporator of a refrigerator is 
constructed by a plurality of heat pipes and an airtight- 
ness of each heat pipe is independently held. 
[001 3] According to a further aspect of the invention, 
a refrigerator is constructed by refrigerating cycles of 
two or more stages and a dehumidifier is provided for 
an evaporator on the low temperature side. 
[0014] A water adsorption resin is attached to the 
evaporating portion in which a temperature decreases. 
[001 5] According to a still another aspect of the inven- 
tion, a temperature of a special semiconductor device 
is detected and a frequency of a reference clock gener- 
ating section of the operation of the computer can be 
varied in accordance with the temperature value. 
[0016] According to a specific aspect of the present 
invention, there is provided an electronic computer and 
cooling system including a refrigerator contained with 
the computer in a casing, the refrigerator comprising an 
evaporator, a compressor, expansion valves, condens- 
ers, and the like, the computer including boards on 
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which a plurality of semiconductor devices are mounted, 
wherein the semiconductor devices and the evaporator 
of the refrigerator are thermally connected by first and 
second cooling members; the first cooling member is 
formed by a block made of a material of a high heat con- 
ductivity or a group of a plurality of independent heat 
pipes; one end of the first cooling member is connected 
to the evaporator and the other end is arranged so as 
to face the board on which the semiconductor devices 
are mounted through the flexible second cooling mem- 
ber having a high heat conductivity; the heats which are 
generated from the semiconductor devices are trans- 
ported to the evaporator through the second and first 
cooling members; the heat exchange with an operating 
refrigerant of the refrigerating cycle is performed by the 
evaporator; the heats are radiated to the outside of the 
casing by the condensers; whereby a heat path from the 
semiconductor devices to the evaporator of the refriger- 
ator is assured, and a high cooling performance is ob- 
tained by a low temperature source by the refrigerator 
and the high speed operation of the computer can be 
accomplished. 

[0017] The electronic computer is constructed by a 
number of semiconductor devices whose functions and 
operating speeds are different and the operating speed 
of the whole computer is restricted by a device of the 
slow operating speed. 

[0018] First, a cooling source is generated by the re- 
frigerator, and the evaporator of the refrigerator or the 
first cooling member which is thermally to come into con- 
tact with the evaporator and the special semiconductor 
device are thermally connected by arranging the flexible 
cooling member having a high heat conductivity be- 
tween them. Therefore, for instance, when a special de- 
vice such as a CMOS device or the like is set into a low 
temperature, the operating speed rises, so that the op- 
erating speed of the whole computer can be improved. 
In the above case, since the cooling member for con- 
necting the semiconductor device and the evaporator of 
the refrigerator as a cooling source is constructed by a 
flexible material having a high heat conductivity, the 
gaps existing between the device surfaces and the cool- 
ing member surface due to a variation in heights of the 
devices can be connected by a small contact heat re- 
sistance, the heats of the semiconductor devices can 
be sufficiently radiated, and the operating temperatures 
can be reduced. On the other hand, since the tempera- 
ture of the cooling source is held to be low by the refrig- 
erator, a large temperature difference between the cool- 
ing source and the semiconductor device can be ob- 
tained, and a high cooling performance can be derived. 
[001 9] The channel to lead the air cooled by the evap- 
orator of the refrigerator is provided. The cooled air is 
allowed to collide with the special semiconductor device 
from the hole formed in the channel, thereby cooling the 
device. Therefore, the semiconductor device can be di- 
rectly cooled by the jet air stream blown from the hole 
and the effective cooling of a high heat conductivity can 



be executed. Consequently, the special semiconductor 
device can be sufficiently cooled and the operating 
speed can be raised. 

[0020] The special semiconductor device and the 

s cooling member having therein a group of liquid chan- 
nels are thermally connected by the flexible member 
having a high heat conductivity. The liquid is circulated 
by the liquid pump between the group of channels in the 
cooling member and the radiator provided for the outer 

10 wall of the casing. Thus, the special device can be 
cooled and the high speed operation can be realized. 
[0021] Since the liquid is used as a cooling medium 
and is circulated in the casing, the high cooling perform- 
ance can be realized by the cooling system of a small 

15 size and low noises. 

[0022] Second, the cooling member forthermally con- 
necting the special semiconductor device and the evap- 
orator of the refrigerator is constructed by a plurality of 
heat pipes and the ai rtightness of each heat pipe is in- 

20 dependently held. Thus, the special semiconductor de- 
vice can be cooled. Even when the ai rtightness of the 
heat pipe of a certain portion is not held, the heat trans- 
port can be executed by the remaining heat pipes and 
the cooling can be performed at a high reliability. 

25 [0023] Third, even when the semiconductor device is 
held to a low temperature, the dehumidifier is further 
provided for the cooling source of a low temperature, so 
that the moisture contained in the air in the casing is 
eliminated by the dehumidifier on the cooling source 

30 side. It is, therefore, avoided that the semiconductor de- 
vice is wet with dew. An electrical malfunction does not 
occur. 

[0024] Fourth, the temperature of the semiconductor 
device is detected and the frequency of the reference 

35 clock can be varied in accordance with the temperature. 
Therefore, even in the case where the temperature of 
the cooling source is not immediately reduced by the 
refrigerator as in the case of the activation of the system, 
by reducing the clock frequency, the operating speed of 

40 the system is decreased. After the cooling source was 
reduced to a predetermined temperature and the 
enough cooling performance was derived, the clock fre- 
quency is raised and the high speed operation is allowed 
to be performed. Consequently, the normal operation 

45 can be executed even upon activation or starting of the 
system. 

Figs. 1 to 4 are diagrams showing an embodiment 
of the invention; 
50 Fig. 1 is a cross sectional perspective view of an 
electronic computer; 

Fig. 2 is a partial enlarged perspective view of a 
cooling member; 

Figs. 3 and 4 are perspective views of a first cooling 
55 member; 

Fig. 5 is a cross sectional perspective viewof a com- 
puter system showing another embodiment; 
Figs. 6 to 10 are vertical sectional views of cooling 
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member portions showing other embodiments of 
the invention, respectively; 
Fig. 11 is a cross sectional perspective view of an 
electronic computer showing another embodiment 
of the invention; 

Fig. 1 2 is a cycle constructional diagram showing 
another embodiment of the invention; 
Figs.13A to 13C are diagrams showing other em- 
bodiments of the invention, wherein Fig. 13A is a 
plan view showing the inside of an electronic com- 
puter, Fig. 13B is a cross sectional view of a refrig- 
erator, Fig. 13C is a cross sectional view of a heat 
radiation fin; 

Fig. 1 4 is a diagram showing a construction of a ref- 
erence clock generating section. 

[0025] An embodiment of the invention will be de- 
scribed with reference to Figs. 1 to 4. Fig. 1 is a diagram 
showing an electronic computer. Boards 2 and 16 on 
which a number of semiconductor devices 1 are mount- 
ed, a refrigerator, and cooling members 4 and 41 are 
enclosed in one casing 5. A number of semiconductor 
device groups having different functions for command 
processes, calculation, memory, input and output, oper- 
ation control, and the like are installed on the boards 2 
and 16. The computer is constructed by a plurality of 
boards as necessary. On the other hand, the refrigerator 
is constructed by a refrigerating cycle comprising evap- 
orators 31 and 43, a condenser 32, an expansion valve 
34, a compressor 33, refrigeration controller 15 and the 
like. Freon or the like is used as an operating refrigerant. 
[0026] The condenser 32 is constructed so as to form 
a part of or all of the portion of the casing 5 of the com- 
puter system. Although it is preferable to forcedly cool 
the condenser 32 by using a fan or the like, it is not al- 
ways necessary to provide the fan when the condenser 
32 has an enough large heat transfer area. 
[0027] In the embodiment shown in Fig. 1 , both sides 
of the casing 5 are formed by the condensers 32. The 
evaporator is constructed by two portions of the evapo- 
rators 31 and 43. One end side of the first cooling mem- 
ber 4 made of a heat pipe or a heat conductive material 
having a high heat conductivity such as copper, alumi- 
num, or the like is thermally to come into contact with 
the portion of the evaporator 31. The other end side of 
the first cooling member 4, that is, on the board 2 side 
is thermally to come into contact with the semiconductor 
devices 1 through the second cooling member 41 which 
has a high heat conductivity and is formed by a flexible 
material. In the embodiment shown in Fig. 1, although 
the boards 2 are arranged on both sides of the second 
cooling member 41 , they can be also properly arranged 
at arbitrary positions. A fan 42 is attached to the portion 
of the evaporator 43. The cooled air is circulated in the 
casing 5 by the fan 42. A dehumidif ier 6 can be arbitrarily 
provided; however, it is not always necessary to use it. 
When the dehumidif ier 6 is provided, a construction sim- 
ilar to a refrigerating cycle shown in Fig. 12 can be ap- 



plied. 

[0028] The heats which are generated from the sem- 
iconductor devices 1 mounted on the board 2 are trans- 
ported to the first cooling member 4 through the second 

5 cooling member 41 . Since the second cooling member 
41 is flexible and has a high heat conductivity, even 
when there is a variation in heights of the semiconductor 
devices mounted on the board 2, the heats can be effi- 
ciently transported to the first cooling member 4. As a 

10 second cooling member 41 , for instance, it is possible 
to use a member which is formed by sealing a perfluor- 
ocarbon liquid into a film which is molded in a sack 
shape. The heats transported to the first cooling mem- 
ber 4 are transferred to the evaporator 31 through the 

15 first cooling member. Channels are formed in the evap- 
orator 31 connected to the first cooling member 4 and 
an operating refrigerant (for instance, freon) flows. 
When the refrigerant liquid is evaporated (at an evapo- 
ration temperature lower than a room temperature), the 

20 heat from the first cooling member 4 is received. In Fig. 
1 , the refrigerant liquid also flows in the evaporator 43. 
Fins are joined to refrigerant pipes of the evaporator 43. 
The air in the casing passes among the fins by the fan 
42. For such a period of time, the refrigerant is evapo- 

25 rated and the heat exchange is performed between the 
air and the refrigerant, so that the air is set into a low 
temperature. The semiconductor devices in which the 
cooling performance is not particularly required like the 
semiconductor devices mounted on the boards 16 are 

30 cooled by the forced convection of the air of a low tem- 
perature. In the case where the forced convection is un- 
necessary, or in the case where all of the devices are 
cooled by the evaporator 31 by using the cooling mem- 
bers 4 and 41 , the evaporator 43 and the fan 42 are un- 

35 necessary. 

[0029] The refrigerant evaporated by the evaporators 
31 and 43 is compressed into a high pressure by the 
compressor 33 and is condensed and liquefied by the 
condensers 32. In such a processing step, the heat is 

40 radiated to the outside of the casing. The condenser 32 
is, for instance, formed by directly joining a fin train to 
the pipes of the refrigerant. The refrigerant is again re- 
turned to the evaporator through the expansion valve 
34. 

45 [0030] As mentioned above, the heats which are gen- 
erated from the semiconductor devices are efficiently 
transported because a heat path from the semiconduc- 
tor devices to the evaporator which constructs the re- 
frigerating cycle and is held to a low temperature is as- 

50 sured by the cooling members. Further, the heats which 
are generated from all of the devices are transported to 
the evaporator and can be radiated in a lump to the out- 
side of the casing by the refrigerating cycle by using the 
condenser attached by using a wide area of the casing 

55 wall, so that the cooling can be performed at a very high 
efficiency. 

[0031] In general, the operating speed of the compu- 
ter differs depending on the function and the kind of de- 
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vice. The whole operating speed of the computer, main- 
ly, the upper limit of the clock frequency is restricted by 
the lowest operating speed. On the other hand, it is 
known that an amount of heat generation increases as 
the operating speed of a certain kind of semiconductor 
device, for instance, a CMOS device rises or that the 
operating speed rises with a decrease in operating tem- 
perature. Therefore, by enhancing the cooling capability 
of the device, the operating speed of the device which 
specifies the operating speed of the whole computer is 
raised and the speed of the computer can be improved. 
In the embodiment, the semiconductor device 1 whose 
operating speed rises when the operating temperature 
is low is arranged so as to be cooled through the second 
cooling member 41. 

[0032] When the semiconductor devices are cooled, 
a group of special semiconductor devices such as 
CMOS devices or the like can be also cooled in a lump 
on a board unit basis as shown in Fig. 1 . In such a case, 
the cooling efficiency to raise the calculating speed is 
improved and the devices which do not need to be 
cooled are also protected. 

[0033] For instance, as shown in Fig. 2, only special 
devices 1 can be also locally cooled. That is, it is possi- 
ble to construct in a manner such that the first cooling 
member 4 is thermally to come into contact with only the 
special devices 1 through the second cooling member 
41. Particularly, an electronic refrigerating device 44 or 
the like using a Peltier effect can be also used with re- 
spect to devices 11 which need a high operating speed 
of the computer. 

[0034] Although Figs. 1 and 2 show the case where 
the first cooling member 4 is made of a material having 
a high heat conductivity, there are also considered cas- 
es where the first cooling member 4 is formed by heat 
pipes as shown in Figs. 3 and 4. 
[0035] As shown in Fig. 3, the first cooling member is 
formed by the heat pipe 4. The heat pipe 4 is formed in 
a flat shape. The inside of the heat pipe 4 is separated 
to a plurality of independent chambers 45 each of which 
is connected from the evaporating portion near the 
board 2 to the condensing portion which is in contact 
with the evaporator 31. Fine grooves 46 and 47 are 
formed on the inner wall of each chamber 45 so as to 
perpendicularly cross each other and to be communi- 
cated by holes at intersecting points, respectively 
[0036] For instance, as shown in an enlarged diagram 
of Fig. 3, the grooves 46 and 47 are formed on front and 
back surfaces of a plate 460 in the directions which 
cross perpendicularly each other in a manner such that 
the sum of depths of the grooves which are formed on 
the front and back surfaces is larger than a thickness of 
the plate 460. Thus, holes 461 which communicate the 
respective grooves are formed in the intersecting por- 
tions of the grooves 46 and 47. The plate 460 formed 
with the grooves is joined like a metal every chamber 
45 to a wall 462 of the heat pipes in a region from the 
evaporating portion to the condensing portion. For in- 



stance, water is sealed as an operating liquid into each 
of the chambers 45 of the heat pipes. In the evaporating 
portions of the heat pipes which are thermally connected 
to the second cooling member, the operating liquid ab- 
5 sorbs the heat from the second cooling member and is 
evaporated. The vapors are condensed and liquefied by 
the condensing portions and, at this time, the heat is 
transported to the evaporator 31 . The liquefied operat- 
ing liquid is again returned to the evaporating portion by 
10 the grooves 46. In the above case, the liquid also moves 
in the direction which perpendicularly crosses the 
grooves 46 through the grooves 47 which are commu- 
nicated by the holes 461 and efficiently spreads into the 
whole region of the evaporating portion. 

?5 [0037] Fig. 4 shows another example in which the first 
cooling member is formed by a plurality of heat pipes 4. 
A plurality of thin-pipe shaped heat pipes 48 are bound 
and are inserted into a flat block made of copper or the 
like in the evaporating portion and the condensing por- 

20 tion, thereby constructing the cooling member. 

[0038] The operation of the computer constructed as 
mentioned above will now be described. 
[0039] After the elapse of a predetermined time after 
the activation of the computer, or when a set time to ac- 

25 tivate the computer is set, the refrigerator is made op- 
erative before a predetermined time of such a set time. 
The refrigerant which has been set into a high pressure 
by the compressor 33 is cooled by the condensers 32 
arranged on both sides of the casing 5. The cooled re- 

30 frigerant is converged by the expansion valve 34 and 
becomes a liquid refrigerant of a low temperature and a 
low pressure. The liquid refrigerant receives the heats 
in the evaporators 31 and 43 and is evaporated. After 
that, it is returned to the compressor 33. In the case 

35 where the first cooling member 4 which is thermally in 
contact with the evaporator 31 is made of a material of 
a high heat conductivity such as copper, aluminum, or 
the like as shown in Figs. 1 and 2, the amount of heat 
which is generated by the semicodnuctor devices 1 is 

40 transferred to the first cooling member 4 through the 
second cooling member 41 . The heat of the first cooling 
member 4 is transported to the evaporator 31 by the 
heat conduction and is exchanged by the evaporator 31 
of a low temperature, so that the semiconductor devices 

45 1 are cooled. 

[0040] Consequently, the first cooling member 4 is 
held at a low temperature because it is connected to the 
evaporator 31 by the heat pipe(s) or the block made of 
copper, aluminum, or the like having a high heat con- 
so ductivity. Therefore, the semiconductor device is suffi- 
ciently cooled even in the case of any one of the device 
such that a heat generation amount is large to enable 
the computer to perform the high speed operation and 
it is necessary to obtain a high heat radiation amount by 

55 setting the temperature of the cooling source into a low 
temperature and the device such that the high speed 
operation can be performed by keeping a low tempera- 
ture. The reason why the frist cooling member 4 is to 
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come into contact with the semiconductor devices 1 
through the second cooling member 41 having a high 
heat conductivity and made of a flexible material is to 
absorb a variation in heights of the device parts by the 
second cooling member 41 and to keep a small contact 
heat resistance. The other devices are cooled by the low 
temperature air by keeping the air temperature to a low 
temperature by allowing the air to pass in the fin portion 
provided for the evaporator 43 by the fan 42 or the like. 
The heat transferred from the semiconductor devices to 
the evaporating portion is finally radiated into the exter- 
nal air through the condensers 32 forming a part of or 
all of the casing 5 by the natural convection or the forced 
convection air cooling by the fan or the like. The dehu- 
midifier 6 is assembled in the casing 5 and the external 
air is shut out by a rubber packing or the like, thereby 
preventing that the semiconductor devices 1 are wet 
with dew. In the embodiment, a water absorption resin 
is attached to the evaporating portion whose tempera- 
ture decreases, the moisture contained in the air in the 
casing 5 is held in the water absorption resin. For in- 
stance, by properly exchanging the water absorption 
resin at the time of maintenance or the like, the moisture 
in the air can be eliminated. 

[0041] In the case where the heat pipe shown in Fig. 
3 is used as a first cooling member, the condensed op- 
erating liquid flows along the grooves 46 and 47 and is 
returned to the evaporating portion. Also, by providing 
the grooves 46 and 47 which cross perpendicularly each 
other, the heat transfer area increases and the heat 
transfer performance in the evaporating portion can be 
increased. Even in the case where since the inside of 
the flat cooling member 4 is separated into a plurality of 
chambers 45, the airtightness of a certain chamber can- 
not be held and the heat transporting operation cannot 
be performed in such a chamber 45, the cooling func- 
tions are held in the other chambers 45, so that the op- 
eration as a heat pipe can be assured and the devices 
can be cooled at a high reliability. 
[0042] In the case of the first cooling member shown 
in Fig. 4, since the condensing portion is formed by a 
block, it can be closely adhered and attached by the 
evaporator 31 and the heat can be efficiently transferred 
to the evaporator 31 via the condensing portion. Even if 
the airthightness cannot be held at one portion, another 
heat pipe group operates, so that the heat can be trans- 
ported and the high operation reliability is obtained. 
[0043] As mentioned above, according to the embod- 
iment, the operating speed can be raised by setting the 
operating temperature of a special device such as a 
CMOS device to a low temperature. For instance, when 
such an operating temperature is held to 0°C or less, - 
50°C or less, or -100°C or less, it is also possible to ob- 
tain the operating speeds which are 1 .5 times, 2 times, 
and 2.4 times as high as the operating speed at a room 
temperature or higher, respectively. 
[0044] Thus, the operating speed of the entire com- 
puter can be remarkably improved. 



[0045] Fig. 5 shows another embodiment of the inven- 
tion. According to the embodiment shown in Fig. 5, the 
evaporator 31 which is held at a low temperature and 
constructs the refrigerator is arranged near the board 2 
5 on which the device 1 in which a high operating speed 
is required is mounted, and the semiconductor device 1 
is thermally to come into contact with the evaporator 31 
by the cooling member 41 without using the second 
cooling member. The cooling member 41 is formed by 
io a flexible material having a high heat conductivity in or- 
der to absorb a variation in heights of the semiconductor 
device parts. In the embodiment, since the evaporator 
31 is directly arranged near the device 1 to be cooled, 
the heat path from the device 1 to the cooling source is 
15 reduced, so that a high cooling performance is derived. 
Thus, the device 1 can be maintained at a lower tem- 
perature. Therefore, the operating speed of the device 
which restricts the operating speed of the whole com- 
puter is raised and the speed of the computer can be 
improved. The cooling member 41 can be also formed 
by a grease of a high heat conductivity or the like. In 
such a case, the high cooling performance can be ob- 
tained by a smaller heat resistance. By interposing the 
electronic refrigerating device between the evaporator 
31 and the semcionductor device 1 and by keeping the 
device at a further low temperature, the high speed can 
be also realized. 

[0046] Further other embodiments of the invention 
are shown in Figs. 6 to 10. In the embodiments, as 
shown in Fig. 6, a cooling member 9 is constructed along 
the board 2 on which the semiconductor devices 1 are 
mounted. Ducts are formed between the cooling mem- 
ber 9 and the semiconductor devices 1 , thereby forming 
channels 50. Holes 51 are formed at the positions cor- 
responding to the semiconductor devices 1 . 
[0047] The cooling member 9 can be formed by any 
one of the heat pipe or block of a large heat conductivity, 
which is connected to the evaporator of the refrigerator 
provided in the casing, or the evaporator itself, and it is 
held at a low temperature. The air to cool introduced into 
channels 50 by fan 56 or like flows in parallel in the chan- 
nels 50 along the cooling member 9. While the air flows 
in the channels 50, it is cooled by the cooling member 
9 held at a low temperature. The cooled air is blown out 
of the holes 51 formed in the channels 50 and collides 
as jet air streams with the semiconductor devices 1 . 
Generally, since the heat transfer performance at the 
surface of the semiconductor device in the case of using 
the jet air stream is very high, the semiconductor device 
can be effectively cooled. In such a jet stream method, 
since almost all of the cooling air which has passed the 
hole 51 directly collides with the semiconductor device 
1 , as compared with the case where the air flows in par- 
allel with the board 2, the cooling air can be effectively 
used. 

[0048] An area of the hole 51 is determined in corre- 
spondence to each of the heat generation amount of the 
semiconductor device 1 and each of the special devices 
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in which a low temperature is required, respectively. By 
setting as mentioned above, since the semiconductor 
device 1 can be sufficiently cooled and the operating 
speed can be raised, the operating speed of the com- 
puter can be improved. 

[0049] As shown in Fig. 7, a heat sink 52 can be also 
provided on the surface of the semiconductor device 1 . 
Since the heat radiating area can be increased by pro- 
viding the heat sink 52, the semiconductor device 1 can 
be more preferably cooled. Thus, the temperature of the 
whole semiconductor device 1 can be reduced or, in the 
case of the same semiconductor device temperature, a 
heat generation amount of the device can be increased. 
A speed when the cooling air is blown out of the hole 
can be reduced, there is an advantage such that the 
noises are small or the like. A shape of the heat sink 52 
can be set into any one of the pin-fin shape, flat-plate 
shape, and the flat-plate shape having slits. It is possible 
to use a shape such that the heat radiating area can be 
enlarged. 

[0050] As shown in Figs. 8, 9, and 1 0, either one of a 
porous structure metal 53, thin metal wires 54, and a 
corrugated plate 55 formed with channels can be also 
inserted in the channel 50. By providing the metal body 
having spaces or channels in which the air flows into the 
channel 50, the heat exchange between the cooling air 
flowing in the channel 50 and the cooling member 9 held 
at a low temperature can be preferably executed. The 
semiconductor device 1 can be efficiently cooled. 
[0051] Fig. 11 shows another embodiment of the in- 
vention. In the embodiment, the semiconductor devices 
are cooled by circulating the cooling liquid by a liquid 
pump 7. The computer is constructed by: the boards 2 
on which a number of semiconductor devices 1 are 
mounted; the liquid pump 7; the cooling members 4 and 
41 to heat transfer the cooling liquid supplied from the 
liquid pump 7; and a heat radiating panel 71 which is 
formed in a part of the casing 5 and is used to cool the 
cooling liquid. The semiconductor devices 1 on the 
board 2 are special devices in which the high speed op- 
eration can be realized by cooling. By executing the high 
speed operations of the special devices, the operating 
speed of the computer can be improved. The first cool- 
ing member 4 and the second cooling member 41 are 
arranged near the board 2 on which the devices 1 in 
which the high speed operation is needed are mounted. 
The semiconductor devices 1 and the first cooling mem- 
ber 4 are thermally connected through the second flex- 
ible cooling member 41 having a high heat conductivity. 
The second cooling member 41 can use a heat conduc- 
tive grease or the like in order to reduce the heat path 
from the semiconductor device 1 to the first cooling 
member 4. On the other hand, the first and second cool- 
ing members can be also arranged for only the individual 
devices on the board 2. A group of liquid flowing chan- 
nels are provided in the first cooling member 4. The cool- 
ing liquid (heat medium liquid) flowing in the liquid chan- 
nel group cools the semiconductor devices 1 . The heat 



medium liquid is driven by the liquid pump 7. The cooling 
liquid which has absorbed the heat performs the heat 
exchange with the external air of the casing by the heat 
radiating panel 71 which forms a part of the casing 5. 
s According to the embodiment, the generated heat is ra- 
diated and the device can be held at a low temperature. 
Therefore, the operating speed of the device which re- 
stricts the operating speed of the computer can be 
raised, so that the high speed operation of the computer 
10 can be realized. 

[0052] Fig. 12 shows further another embodiment of 
the invention. Although the embodiment can be also ap- 
plied to the embodiment shown in Fig. 1 or 5, it is char- 
acterized by a cycle construction in which the system 
is operates at two or more evaporation temperatures. In 
the embodiment, the refrigerating cycle is constructed 
by two evaporators 31 and 61 , two expansion valves 63 
and 64, the compressor 33, and the condensers 32. The 
evaporator 31 has a construction similar to that of the 
embodiment shown in Fig. 1 or 5 and cools the semi- 
conductor devices through the cooling member. On the 
other hand, the evaporator 61 is operated at an evapo- 
rating temperature lower than that of the evaporator 31 
and has the dehumidifier 6. The dehumidifier 6 is pro- 
vided at a ventilation port of the casing. The dehumidi- 
fied air is fed into the casing. It is consequently possible 
to prevent that the semiconductor device which has 
been cooled to the low temperature is wet with dew. The 
dehumidifier 6 may be also constructed by, for instance, 
a high water absorption resin or the like. It is also pos- 
sible to construct in the following manner. That is, the 
inside of the casing is airtighted by using a rubber pack- 
ing or the like, the expansion valve 63 which has the 
dehumidifier 6 and forms the refrigerating cycle on the 
low temperature side is made operative only in the initial 
operation after the external air entered the casing as in 
the case of the maintenance or the like, the air in the 
casing is dehumidified, and thereafter, the expansion 
valve 64 on the high temperature side is made opera- 
tive, thereby cooling the semiconductor devices. Upon 
operation of the computer system, a humidity in the cas- 
ing is detected, an opening degree of the expansion 
valve 63 on the low temperature side is changed as nec- 
essary, and it is possible to prevent that the semicon- 
ductor device is wet with dew. 
[0053] Further other embodiments of the invention will 
now be described with reference to Figs. 13A to 13C 
and 14. 

[0054] A computer system of the embodiment is con- 
structed by: the boards 2 on which a temperature de- 
tecting circuit and a clock generating circuit comprising 
a frequency variable oscillator are mounted and which 
are enclosed in the casing 5; the first cooling member 4 
which is constructed by the heat pipe to cool special de- 
vices, the block having a high heat conductivity, or the 
like; the second cooling member 41 which is formed by 
a flexible member having a high heat conductivity, a 
structure for allowing the air to collide with the semicon- 
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ductor devices, or the like; and a refrigerator 90. As 
shown in Figs. 13A and 13B, the refrigerator 90 is pro- 
vided as a separate unit and can be detached from the 
casing 5 of the computer main body. That is, in the con- 
necting portion of the computer main body and the re- 
frigerant unit, the first cooling member 4 of the computer 
main body and the evaporator 31 of the refrigerating unit 
are thermally physically connected by a small contact 
heat resistance by using an attachment structure 91. 
The semiconductor devices 1 are cooled through the 
first and second cooling members 4 and 41 . When a 
high operating speed is not needed as a capability of 
the computer, the refrigerating unit is detached and the 
computer is operated in a state of only the computer 
main body or in a state in which radiating fins 92 shown 
in Fig. 1 3C are attached. At this time, the heat generated 
from the semiconductor devices 1 are radiated into the 
external air by the wall surface of the first cooling mem- 
ber 4 or the radiating fins 92 through the first and second 
cooling members 4 and 41. On the other hand, when a 
high operating speed is needed, by attaching the refrig- 
erating unit, the semiconductor devices are set into a 
low temperature and the high speed operation can be 
performed. 

[0055] Fig. 14 shows the details of a reference clock 
generating section of the system operation in a compu- 
ter in which a number of semiconductor devices, cooling 
members, and a refrigerator are enclosed in the casing 
and the operating speed of the whole system is raised 
by reducing temperatures of special semiconductor de- 
vices. The clock generating section is constructed by a 
frequency variable oscillator 8 whose frequency can be 
varied within a range from one time to two or three times 
in accordance with a signal from the outside and a tem- 
perature detecting circuit 80. 

[0056] The temperature detecting circuit 80 detects 
the temperature of the semiconductor device to be 
cooled or the temperature of the cooling members or the 
evaporator of the refrigerator and supplies signals cor- 
responding to the temperatures to the frequency varia- 
ble oscillator 8 and changes the clock frequency as a 
reference of the system operation. The frequency can 
be varied by means for switching clock signals generat- 
ed from a plurality of quartz oscillators having different 
oscillating frequencies or means for frequency dividing 
one frequency into a plurality of frequencies or the like. 
Or, it is also possible to use a ring oscillator which is 
constructed by a CMOS device in which a delay time of 
a gate linearly changes in accordance with the temper- 
ature or the like. Upon activation of the computer, since 
the temperature of the evaporator of the refrigerator as 
a cooling source does not instantaneously decrease to 
a predetermined level, a predetermined operating 
speed is not obtained in the case of the semiconductor 
device which is thermally in contact with the cooling 
source. Therefore, the temperature at this time is de- 
tected and the clock frequency is reduced. As the tem- 
perature of the evaporator decreases and the tempera- 



ture of the semiconductor device decreases to a prede- 
termined temperature, the clock frequency is raised, so 
that a malfunction of the system can be avoided. 
[0057] By constructing as mentioned above, accord- 

5 ing to the computer of the embodiment, in the clock gen- 
erating section, the temperature of the semiconductor 
device 1 or the cooling member 4 is detected and the 
clock frequency is set in accordance with the tempera- 
ture. Therefore, in any cases, the computer can be op- 

10 erated without a malfunction at the speed corresponding 
to the cooling capability, namely, the temperature level 
of the semiconductor device without changing the de- 
vice construction and circuit construction of the compu- 
ter. 

75 [0058] By directly leading the operating refrigerant of 
the refrigerator to the semiconductor device cooling 
member and by evaporating the refrigerant by the sur- 
face of the cooling member or the inside thereof as nec- 
essary, the semiconductor device cooling member is 

20 cooled, and the semicoductor device can be also cooled 
by using the semiconductor device cooling member as 
a cooling source. 

[0059] On the other hand, in a computer which is con- 
structed by wiring members such as a superconductive 

25 material or the like whose wiring resistance remarkably 
decreases by keeping the temperature to a low temper- 
ature, the substrate or both of the substrate and the spe- 
cial semiconductor devices may be also cooled to a crit- 
ical temperature or lower. 

30 [0060] As mentioned above, according to the inven- 
tion, first, the temperature of the special devices which 
restrict the operation of the whole system can be re- 
duced by the cooling source which is generated by the 
refrigerator provided in the casing or a high radiation 

35 amount is derived and the operating speed of the special 
device can be raised, so that the operating speed of the 
electronic computer can be improved. 
[0061] Such special devices can be cooled at a tem- 
perature lower than room temperatures and with a high- 

40 fy improved cooling performance by thermally coupling 
the devices with a cold heat source via heat pipes or the 
like. 

[0062] On the other hand, since the liquid can be cir- 
culated in the casing, the high cooling performance can 
45 be realized by the cooling system of a small size and 
low noises. 

[0063] Second, since the cooling member for thermal- 
ly connecting the special semiconductor device and the 
evaporating portion of the refrigerator is constructed by 

so a plurality of heat pipes and the airtightness of each heat 
pipe is independently held, the special semiconductor 
device can be cooled. There is an effect such that even 
when the airtightness of the heat pipe of a certain portion 
cannot be held, the heat can be transported by the re- 

55 maining heat pipes and the device can be cooled at a 
high reliability. 

[0064] Third, even when the temperature of the de- 
vice is maintained at a low temperature, the portion of 
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a temperature lower than the temperatures of the sem- 
iconductor devices can be realized and the air in the cas- 
ing can be dehumidified, so that it is avoided that the 
semiconductor device is wet with dew. 
[0065] Fourth, since the clock frequency of the elec- 
tronic computer can be varied in accordance with the 
temperature of the device, the computer can also nor- 
mally operate upon activation of the computer. 



Claims 



1 . A computer with a cooling system, comprising: 



10 



A computer with a cooling system according to 
claim 1 , further having means for changing a fre- 
quency of a reference clock generating section (8) 
of the computer on the basis of a temperature de- 
tection value of a temperature detecting circuit (80) 
provided near the predetermined semiconductor 
devices (1). 

A computer with a cooling system according to 
claim 1 , having another housing for enclosing said 
cooling means so as to be detachably coupled to 
said housing (5) enclosing the cooling member (4) 
therein. 



means (2) for attaching circuit devices including is 
a plurality of semiconductor devices (1) con- 
structing the computer, 

a housing (5) for enclosing said attaching 
means (2), cooling means (7, 15, 31, 32, 33, 
34, 43, 61 ) including a low temperature source 20 
(31) to cool said circuit devices, and 
a cooling member (4, 41 ) for thermally connect- 
ing said low temperature source (31 ) with pre- 
determined semiconductor devices, 

25 

characterized by 

said cooling member having at least one portion 
(41) made of a flexible material. 

2. A computer with a cooling system according to 30 
claim 1 , wherein said cooling member comprises a 
connecting portion (4) arranged between the flexi- 
ble portion (41) and said low temperature source 
(31). 

35 

3. A computer with a cooling system according to 
claim 1 or 2, wherein said cooling means and said 
cooling members are enclosed in the housing (5). 

4. A computer with a cooling system according to 40 
claim 3, wherein said cooling means is formed by a 
refrigerator comprising a compressor (33), an evap- 
orator (31 , 43, 61 ) and condensers (32) for circulat- 
ing an operating refrigerant. 

45 

5. A computer with a cooling system according to 
claim 3, wherein said cooling means comprises a 
liquid pump (7) to circulate a cooling liquid serving 
as said low temperature source and a radiating pan- 
el (71) to cool the cooling liquid. 50 

6. A computer with a cooling system according to 
claim 4, wherein said evaporator (31 ) comprises a 
first portion which is thermally connected to the con- 
necting portion (4) of said cooling member and a ss 
second portion including means (42) for cooling air 

in the housing (5) for circulating the cooled air. 



9. A computer with a cooling system according to 
claim 1 , wherein said cooling means comprises a 
refrigerating apparatus including an evaporator 
(31), and the connecting portion (4) and the evap- 
orator (31 ) are constructed by an attachment struc- 
ture, and the refrigerating apparatus and the com- 
puter can be detached. 

1 0. A computer with a cooling system according to one 
of the claims 1 to 9, wherein said flexible material 
has a high heat conductivity. 

11 . A computer with a cooling system according to one 
of the claims 1 to 10, wherein said connecting por- 
tion (4) is constructed by heat pipes (48) and is sep- 
arated into a plurality of chambers (45) each having 
airtightness. 

1 2. A computer with a cooling system according to one 
of the claims 1 to 10, wherein the connecting mem- 
ber (4) is constructed by a bundle of a plurality of 
heat pipes (48) and an evaporating portion and a 
condensing portion of said heat pipes are construct- 
ed in a block shape. 

1 3. A computer with a cooling system according to one 
of the claims 1 to 12, wherein a water absorption 
resin is arranged near the evaporator (31 ). 

14. A computer with a cooling system according to 
claim 4 or 6, wherein said refrigerating apparatus 
has a second evaporator (61) which is set to an 
evaporation temperature lower than that of the 
evaporator (31), and moisture is dehumidified by 
the second evaporator (61). 

1 5. A computer with a cooling system according to one 
of the claims 1 to 14, wherein the temperatures of 
said predetermined semiconductor devices (1) are 
held to at least 0 °C or lower and the operating 
speeds of said predetermined semiconductor de- 
vices (1 ) are improved to an operating speed which 
is 1 .5 or more times as high as the operating speed 
at a room temperature. 
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16. A computer with a cooling system according to an- 
yone of claims 1 to 14, wherein the temperatures of 
said predetermined semiconductor devices (1) are 
held to at least -50 °C or lower and the operation 
speeds of said predetermined semiconductor de- 
vices (1 ) are improved to an operating speed which 
is two or more times as high as the operating speed 
at a room temperature. 

17. A computer with a cooling system according to an- 
yone of claims 1 to 14, wherein the temperatures of 
said predetermined semiconductor devices (1) are 
held to at least -100 °C or lower and the operating 
speeds of said predetermined semiconductor de- 
vices are improved to the operating speed which is 
2.4 or more times as high as the operating speed 
at a room temperature. 

18. A computer with a cooling system according to 
claim 14, wherein a humidity in the casing (5) of the 
computer is detected and an opening degree of an 
expansion valve (63) on the low temperature side 
of the refrigerating apparatus is changed in accord- 
ance with the detected humidity. 

19. A computer with a cooling system according to an- 
yone of the claims 1 to 18, wherein an electronic 
refrigerating device (44) is interposed between said 
predetermined semiconductor devices (1 ) and said 
cooling member. 



Patentanspruche 

1. Computer mit einem KOhlsystem, mit: 

Mitteln (2) zur Befestigung von Schaltungsein- 
richtungen, die mehrere den Computer bilden- 
de Halbleiterelemente (1) enthalten, 
einem Gehause (5) zur Aufnahme der Befesti- 
gungsmittel (2), 

einer KOhleinrichtung (7, 15, 31, 32, 33, 34, 43, 
61) mit einer Niedertemperaturquelle (31) zur 
Kuhlung der Schaltungseinrichtungen, und 
einem Kuhlelement (4, 41) zur thermischen 
Verbtndung der Niedertemperaturquelle (31) 
mit vorbestimmten Halbleiterelementen, 

gekennzeichnet durch 

das Kuhlelement, das mindestens einen Bereich 
(41) aus einem fiexiblen Material aufweist. 

2. Computer mit einem KOhlsystem nach Anspruch 1 , 
bei dem das Kuhlelement einen Verbindungsbe- 
reich (4) zwischen dem fiexiblen Bereich (41) und 
der Niedertemperaturquelle (31) enthalt. 

3. Computer mit einem KOhlsystem nach Anspruch 1 



Oder 2, bei dem die Kuhleinrichtung und das Kuhl- 
element in dem Gehause (5) angeordnet sind. 

4. Computer mit einem KOhlsystem nach Anspruch 3, 
5 bei dem die Kuhleinrichtung durch ein Kuhlgerat mit 
einem Kompressor (33), einem Verdampfer (31 , 43, 
61) und VerflOssigem (32) fur die Zirkulation eines 
BetriebskOhlmitteis gebildet wird. 

10 5. Computer mit einem KOhlsystem nach Anspruch 3, 
bei dem die Kuhleinrichtung eine Flussigkeitspum- 
pe (7) zur Zirkulation einer als Niedertemperatur- 
quelle dienenden KOhlflOssigkeit und eine Strah- 
lungsplatte (71 ) zum KOhlen der KOhlflOssigkeit ent- 

15 halt. 

6. Computer mit einem KOhlsystem nach Anspruch 4, 
bei dem der Verdampfer (31 ) einen mit dem Verbin- 
dungsbereich (4) des KOhlelements verbundenen 

20 ersten Bereich und einen zweiten Bereich enthalt, 
der Mittel (42) zum KOhlen der Luft in dem Gehause 
(5) fOr die Zirkulation der gekuhlten Luft enthalt. 

7. Computer mit einem KOhlsystem nach Anspruch 1 , 
25 der femer Mittel zur Veranderung einer Frequenz 

eines Bezugstakt-Erzeugungsbereichs (8) des 
Computers auf der Grundlage eines Temperatur- 
meGwertes einer Temperaturerfassungsschaltung 
(80) aufweist, die in der Nahe der vorbestimmten 
30 Halbleiterelemente (1 ) angeordnet ist. 

8. Computer mit einem KOhlsystem nach Anspruch 1 , 
der ein weiteres Gehause zur Aufnahme der Kuhl- 
einrichtung enthalt, das mit dem Gehause (5) zur 

35 Aufnahme des KOhlelements (4) abnehmbar ver- 
bunden ist. 

9. Computer mit einem KOhlsystem nach Anspruch 1 , 
bei dem die Kuhleinrichtung ein Kuhlgerat mit ei- 

^0 nem Verdampfer (31) enthalt, wobei der Verbin- 
dungsbereich (4) und der Verdampfer (31 ) durch ei- 
ne Befestigungskonstruktion verbunden sind und 
das Kuhlgerat und der Computer abnehmbar sind. 

45 10. Computer mit einem KOhlsystem nach einem der 
AnsprOche 1 bis 9, bei dem das flexible Material ei- 
ne hohe Warmeleitfahigkeit aufweist. 

11. Computer mit einem KOhlsystem nach einem der 
50 AnsprOche 1 bis 10, bei dem der Verbindungsbe- 
reich (4) durch Warmerohre (48) gebildet und in 
mehrere jeweils luftdichte Kammern (45) aufgeteilt 
ist. 

55 12. Computer mit einem KOhlsystem nach einem der 
AnsprOche 1 bis 10, bei dem das Verbindungsele- 
ment (4) durch ein BOndel von mehreren Warmer- 
ohren (48) gebildet ist und bei dem ein Verdamp- 
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fungsbereich und ein Kondensationsbereich der 
Warmerohre blockformig ausgebildet sind. 

13. Computer mit einem Kuhlsystem nach einem der 
Anspruche 1 bis 12, bei dem ein wasserabsorbie- 
rendes Harz in der Nahe des Verdampfers (31 ) an- 
geordnet ist. 

14. Computer mit einem Kuhlsystem nach Anspruch 4 
oder 6, bei dem das Kuhlgerat einen zweiten Ver- 
dampter (61) aufweist, der auf eine geringere Ver- 
dampfungstemperatur als der Verdampfer (31 ) ein- 
gestellt ist und durch den die Feuchtigkeit beseitigt 
wird. 

15. Computer mit einem Kuhlsystem nach einem der 
Anspruche 1 bis 14, bei dem die Temperaturen der 
vorbestimmten Halbleiterelemente (1) auf zumin- 
dest 0 °C oder weniger gehatten werden, und bei 
dem die Arbeitsgeschwindigkeiten der vorbestimm- 
ten Halbleiterelemente (1) auf eine Arbeitsge- 
schwindigkeit verbessert werden, die 1,5- oder 
mehrfach hoher als die Arbeitsgeschwindigkeit bei 
Raumtemperatur ist. 

16. Computer mit einem Kuhlsystem nach einem der 
Anspruche 1 bis 14, bei dem die Temperaturen der 
vorbestimmten Halbleiterelemente (1) auf zumin- 
dest -50°C oder weniger eingestellt werden und bei 
dem die Arbeitsgeschwindigkeiten der vorbestimm- 
ten Halbleiterelemente (1) auf eine Arbeitsge- 
schwindigkeit verbessert werden, die zwei- oder 
mehrfach so hoch wie die Arbeitsgeschwindigkeit 
bei Raumtemperatur ist. 

17. Computer mit einem Kuhlsystem nach einem der 
Anspruche 1 bis 14, bei dem die Temperaturen der 
vorbestimmten Halbleiterelemente (1) auf zumin- 
dest -1 00 °C oder weniger eingestellt werden, und 
bei dem die Arbeitsgeschwindigkeiten der vorbe- 
stimmten Halbleiterelemente auf eine Arbeitsge- 
schwindigkeit verbessert werden, die 2,4- oder 
mehrfach so hoch wie die Arbeitsgeschwindigkeit 
bei Raumtemperatur ist. 

18. Computer mit einem Kuhlsystem nach Anspruch 
14, bei dem eine Feuchtigkeit in dem Gehause (5) 
des Computers erfaBt und ein Offnungsgrad eines 
Expansionsventils (63) an der Niedertemperatur- 
seite des Kuhlgerates entsprechend der erfaBten 
Feuchtigkeit verandert wird. 

19. Computer mit einem Kuhlsystem nach einem der 
Anspruche 1 bis 18, bei dem ein elektronisches 
Kuhlgerat (44) zwischen den vorbestimmten Halb- 
lerterelementen (1 ) und dem Kuhlelement angeord- 
net ist. 



Revendications 

1. Ordinateur ayant un systeme de refroidissement, 
comportant : 

5 

des moyens (2) pour fixer des dispositrfs de cir- 
cuits comportant une plurality de dispositifs a 
semi-conducteurs (1) constituant Pordinateur, 
un boflier (5) pour enfermer lesdits moyens de 

10 fixation (2), des moyens de refroidissement (7, 

1 5, 31 , 32, 33, 34, 43, 61 ) comportant une sour- 
ce basse temperature (31 ) pour ref roidir lesdits 
dispositifs de circuits, et 
un element de refroidissement (4, 41) pour re- 

15 lier thermiquement ladite source basse tempe- 

rature (31 ) a des dispositifs a semi-conducteurs 
predetermines, 

caracteris§ en ce que 
20 ledit Element de refroidissement comporte au 

moins une partie (41 ) constituee d'un mat6riau flexi- 
ble. 

2. Ordinateur ayant un systeme de refroidissement 
25 selon la revendication 1 , dans lequel ledit element 

de refroidissement comporte une partie de con- 
nexion (4) agenc6e entre la partie flexible (41 ) et 
ladite source basse temperature (31). 

30 3. Ordinateur ayant un systeme de refroidissement 
selon la revendication 1 ou 2, dans lequel lesdits 
moyens de refroidissement et lesdits elements de 
refroidissement sont enfermes dans le boTtier (5). 

35 4. Ordinateur ayant un systeme de refroidissement 
selon la revendication 3, dans lequel lesdits 
moyens de refroidissement sont formes par un r6- 
frig6rateur comportant un compresseur (33), un 
6vaporateur (31, 43, 61) et des condenseurs (32) 

40 pour mettre en circulation un refrigerant actif. 

5. Ordinateur ayant un systeme de refroidissement 
selon la revendication 3, dans lequel lesdits 
moyens de refroidissement comportent une pompe 
45 de liquide (7) pour mettre en circulation un liquide 
de refroidissement servant en tant que dite source 
basse temperature et un panneau radiant (71) pour 
refroidir le liquide de refroidissement. 

50 6. Ordinateur ayant un systeme de refroidissement 
selon la revendication 4, dans lequel ledit 6vapora- 
teur (31 ) comporte une premiere partie qui est reli6e 
thermiquement a la partie de connexion (4) dudit 
6l6ment de refroidissement et une seconde partie 

55 comportant des moyens (42) pour refroidir I'air dans 
le boTtier (5) pour mettre en circulation I'air refroidi. 

7. Ordinateur ayant un systeme de refroidissement 
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selon la revendication 1 , ayant de plus des moyens 
pour changer la frequence d'une section de creation 
de signal d'horloge de reference (8) de I'ordinateur 
sur la base d'une valeur de detection de tempera- 
ture d'un circuit de detection de temperature (80) s 
agenc6 a proximity des dispositifs a semi-conduc- 
teurs predetermines (1 ). 

8. Ordinateur ayant un systeme de refroidissement 
selon la revendication 1 , ayant un autre boitier pour io 
enfermer lesdits moyens de refroidissement, de 
maniere a 6tre relie d'une facon detachable audit 
boTtier (5) enfermant l'616ment de refroidissement 

(4). 

IS 

9. Ordinateur ayant un systeme de refroidissement 
selon la revendication 1, dans lequel lesdits 
moyens de refroidissement comportent un disposi- 
tif de refrigeration comportant un evaporateur (31), 

et la partie de connexion (4) et l'6vaporateur (31) 20 
sont r6unis par une structure de fixation, et le dis- 
positif de refrigeration et I'ordinateur peuvent etre 
s6par6s. 

10. Ordinateur ayant un systeme de refroidissement 25 
selon Tune quelconque des revendications 1 a 9, 
dans lequel ledit materiau flexible a une conductivi- 

t6 thermique 6lev6e. 

11. Ordinateur ayant un systeme de refroidissement 30 
selon Tune quelconque des revendications 1 a 10, 
dans lequel ladite partie de connexion (4) est cons- 
titute de caloducs (48) et est s6par6e en une plu- 
rality de chambres (45), chacune etant etanche a 
I'air. 35 

12. Ordinateur ayant un systeme de refroidissement 
selon Tune quelconque des revendications 1 a 10, 
dans lequel Tenement de connexion (4) est constitu6 
par un faisceau d'une plural ite de caloducs (48) et 40 
une partie d'6vaporation et une partie de conden- 
sation desdits caloducs sont construites sous la for- 
me d'un bloc. 

13. Ordinateur ayant un systeme de refroidissement 45 
selon Tune quelconque des revendications 1 a 12, 
dans lequel une resined'absorption d'eau est agen- 
c6e a proximity de I'evaporateur (31). 

14. Ordinateur ayant un systeme de refroidissement so 
selon la revendication 4 ou 6, dans lequel ledit dis- 
positif de refrigeration a un second 6vaporateur (61 ) 

qui est etabli a une temperature d'6vaporation plus 
faible que celle de l'6vaporateur (31), et I'humidite 
est dess6ch6e par le second evaporateur (61 ). 5$ 

15. Ordinateur ayant un systeme de refroidissement 
selon Tune quelconque des revendications 1 a 14, 



dans lequel les temperatures desdits dispositifs a 
semi-conducteurs predetermines (1) sont mainte- 
nues a au moins 0°C ou en dessous et les vitesses 
de fonctionnement desdits dispositifs a semi-con- 
ducteurs predetermines (1) sont am6lior6es a une 
vitesse de fonctionnement qui est de 1 ,5 fois ou plus 
aussi eiev6e que la vitesse de fonctionnement a la 
temperature ambiante. 

16. Ordinateur ayant un systeme de refroidissement 
selon Tune quelconque des revendications 1 a 14, 
dans lequel les temperatures desdits dispositifs a 
semi-conducteurs predetermines (1) sont mainte- 
nues a au moins - 50°C ou en dessous et les vites- 
ses de fonctionnement desdits dispositifs a semi- 
conducteurs predetermines (1) sont am6lior6es a 
une vitesse de fonctionnement qui est deux fois ou 
plus aussi 6lev6e que la vitesse de fonctionnement 
a la temperature ambiante. 

17. Ordinateur ayant un systeme de refroidissement 
selon I'une quelconque des revendications 1 a 14, 
dans lequel les temperatures desdits dispositifs a 
semi-conducteurs predetermines (1) sont mainte- 
nues a au moins - 100°C ou en dessous et les vi- 
tesses de fonctionnement desdits" dispositifs a 
semi-conducteurs predetermines sont ameiiorees 
a une vitesse de fonctionnement qui est de 2,4 fois 
ou plus aussi eievee que la vitesse de fonctionne- 
ment a la temperature ambiante. 

18. Ordinateur ayant un systeme de refroidissement 
selon la revendication 14, dans lequel I'humidite si- 
tu6e dans le boitier (5) de I'ordinateur est d6tect6e 
et un degr6 d'ouverture d'une vanne de detente (63) 
situee sur le cdte basse temperature du dispositif 
de refrigeration est modifie conform6ment a I'humi- 
dite detectee. 

19. Ordinateur ayant un systeme de refroidissement 
selon I'une quelconque des revendications 1 a 18, 
dans lequel un dispositif de refrigeration de circuit 
eiectronique (44) est interpose entre lesdits dispo- 
sitifs a semi-conducteurs predetermines (1 ) et ledit 
element de refroidissement. 
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